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$EVWUDFW� :H KDYH GHVLJQHG DQ LQTXLU\�EDVHG ODERUDWRU\ DFWLYLW\ RQ WUDQVLWLQJ H[�
WUDVRODU SODQHWV IRU DQ LQWURGXFWRU\ FROOHJH�OHYHO DVWURQRP\ FODVV� 7KH DFWLYLW\ ZDV
GHVLJQHG ZLWK WKH LQWHQW RI VLPXOWDQHRXVO\ WHDFKLQJ VFLHQFH SURFHVV VNLOOV DQG IDFWXDO
FRQWHQW DERXW WUDQVLWV DQG OLJKW FXUYHV� ,Q WKH DFWLYLW\� JURXSV RI WZR WR IRXU VWXGHQWV
HDFK IRUPXODWH D VSHFLI F VFLHQFH TXHVWLRQ DQG GHVLJQ DQG FDUU\ RXW DQ LQYHVWLJDWLRQ
XVLQJ D WDEOH�WRS PRGHO RI D VWDU DQG RUELWLQJ SODQHW� (DFK JURXS WKHQ SUHVHQWV WKHLU
I QGLQJV WR RWKHU VWXGHQWV LQ WKHLU FODVV� ,Q D I QDO SUHVHQWDWLRQ� WKH LQVWUXFWRUV LQWHJUDWH
VWXGHQWV¶ I QGLQJV ZLWK D VXPPDU\ RI KRZ PHDVXUHG OLJKW FXUYHV LQGLFDWH SURSHUWLHV RI
SODQHWDU\ V\VWHPV� 7KH DFWLYLW\ GHEXWHG DW +DUWQHOO &ROOHJH LQ 1RYHPEHU ���� DQG KDV
DOVR EHHQ DGDSWHG IRU D OHFWXUH�EDVHG DVWURQRP\ FRXUVH DW 8�&� 6DQWD &UX]� :H SUHVHQW
WKH UHVXOWV RI VWXGHQW VXUYH\V EHIRUH DQG DIWHU WKH DVWURQRP\ FRXUVH DW +DUWQHOO DQG
GLVFXVV KRZ ZHOO RXU DFWLYLW\ SURPRWHV VWXGHQWV¶ FRQI GHQFH DQG LGHQWLW\ DV VFLHQWLVWV�
UHODWLYH WR WUDGLWLRQDO ODE DFWLYLWLHV�

�� ,QWURGXFWLRQ

:H KDYH GHVLJQHG DQ LQTXLU\�EDVHG ODERUDWRU\ DFWLYLW\ RQ WUDQVLWLQJ H[WUDVRODU SODQ�
HWV IRU DQ LQWURGXFWRU\ FROOHJH�OHYHO DVWURQRP\ FODVV� ,Q RXU ZRUN� ³LQTXLU\´ PHDQV
³WHDFKLQJ VFLHQFH DV VFLHQFH LV GRQH´� VWXGHQWV OHDUQ DERXW VFLHQWLI F FRQFHSWV E\ I J�
XULQJ WKHP RXW �DV VFLHQWLVWV GR� LQVWHDG RI EHLQJ JLYHQ DQVZHUV IURP D WH[WERRN RU

��



�� 0F&RQQHOO HW DO�

OHFWXUH� ,QTXLU\ DFWLYLWLHV FDQ PRGHO GLffHUHQW SDUWV RI WKH VFLHQWLI F PHWKRG� IRU H[�
DPSOH� VWXGHQWV FDQ GHVLJQ DQG FDUU\ RXW DQ HQWLUH LQYHVWLJDWLRQ IURP GHVLJQLQJ WKH
TXHVWLRQ WR SUHVHQWLQJ UHVXOWV WR RWKHUV� RU WKH\ FDQ VLPSO\ GUDZ FRQFOXVLRQV IURP D
VXSSOLHG GDWDVHW� 7KHVH VRUWV RI DFWLYLWLHV HQDEOH VWXGHQWV WR OHDUQ FRQWHQW LQWHUWZLQHG
ZLWK UHVHDUFK VNLOOV� OLNH LQWHUSUHWLQJ HYLGHQFH� UHDVRQLQJ� WKLQNLQJ FULWLFDOO\� FRQYH\LQJ
LGHDV� DVNLQJ TXHVWLRQV DQG I JXULQJ RXW KRZ WR DQVZHU WKHP� 7KHVH VNLOOV DUH XVHIXO LQ
ODWHU VFLHQFH FODVVHV� DQG DOVR DUH LPSRUWDQW OLIH VNLOOV�

/LNH UHDO VFLHQFH� WKLV WHFKQLTXH FDQ LQYROYH VRPH ZLQGLQJ SDWKZD\V� $ VWXGHQW
HPEDUNLQJ RQ D VHOI�GHVLJQHG LQYHVWLJDWLRQ ZLOO OLNHO\ KLW GHDG HQGV RU EH FRQIXVHG
E\ VLGH LVVXHV� EXW ZLWK VXSSRUW KH VKRXOG HYHQWXDOO\ DUULYH DW WKH GHVLUHG FRQFOXVLRQV�
,QTXLU\ DFWLYLWLHV DUH QRW FRPSOHWHO\ RSHQ�HQGHG� WHDFKHUV FDUHIXOO\ PRQLWRU VWXGHQWV¶
SURJUHVV DQG KHOS JXLGH VWXGHQWV WRZDUG GHVLUHG FRQFOXVLRQV WKURXJK D SURFHVV ZH FDOO
³IDFLOLWDWLRQ�́ ,QYHVWLJDWLRQ ZLWK IDFLOLWDWRU VXSSRUW DOORZV WKH VWXGHQWV WR LQWHUQDOL]H
WKH FRQWHQW WKH\ DUH VWXG\LQJ� LQVWHDG RI ZRUGV RQ D SDJH� WKH UHVXOWV DUH DFWLYLWLHV WKH\
GLG DQG FRQFOXVLRQV WKH\ I JXUHG RXW� 7KLV SURFHVV WHQGV WR EH PRUH HQJDJLQJ WKDQ
IROORZLQJ GHWDLOHG VWHS�E\�VWHS LQVWUXFWLRQV RU OLVWHQLQJ WR D OHFWXUH� DQG VWXGLHV KDYH
VKRZQ WKDW WKH FRQWHQW OHDUQHG ODVWV ORQJHU DQG LV OHDUQHG PRUH WKRURXJKO\� DV VWXGHQWV
KDYH EXLOW XS WKHLU RZQ XQGHUVWDQGLQJ LQVWHDG RI KDYLQJ LW JLYHQ WR WKHP �H�J� 15&
����D�E� DQG UHIHUHQFHV WKHUHLQ��

7KLV DFWLYLW\ ZDV GHYHORSHG WKURXJK WKH 3URIHVVLRQDO 'HYHORSPHQW 3URJUDP �3'3�
UXQ E\ WKH ,QVWLWXWH IRU 6FLHQWLVW 	 (QJLQHHU (GXFDWRUV �,6((� DW WKH 8QLYHUVLW\ RI
&DOLIRUQLD� 6DQWD &UX]� (DFK WHDP RI 3'3 SDUWLFLSDQWV GHVLJQV DQ DFWLYLW\ DQG IDFLOLWDWHV
LWV WHDFKLQJ IRU D VSHFLI F YHQXH� 7KHVH DFWLYLWLHV DUH ³EDFNZDUG�GHVLJQHG´� HDFK WHDP
FDUHIXOO\ WDNHV LQWR FRQVLGHUDWLRQ WKH JRDOV IRU WKH SDUWLFXODU DFWLYLW\ DQG WKH QHHGV RI
WKH VWXGHQWV I UVW� DQG SULRULWL]HV HOHPHQWV RI WKH DFWLYLW\ EDVHG RQ WKHVH� �)RU D PRUH
GHWDLOHG GLVFXVVLRQ RI WKH 3'3� VHH +XQWHU HW DO�� WKLV YROXPH� +XQWHU HW DO� ������ 7KLV
DFWLYLW\ ZDV GHVLJQHG WR I W LQ DV RQH ZHHN RI WKH VHPHVWHU�ORQJ LQWURGXFWRU\ DVWURQRP\
ODERUDWRU\ FRXUVH �$VWUR �/� DW +DUWQHOO &RPPXQLW\ &ROOHJH LQ 6DOLQDV� &DOLIRUQLD�
1LFKRODV 0F&RQQHOO� /LQGD 6WUXEEH� DQG $QQH 0HGOLQJ ZHUH WKH SULPDU\ GHVLJQHUV
DQG IDFLOLWDWRUV� 3LPRO 0RWK LV WKH LQVWUXFWRU RI $VWUR �/� 5\DQ 0RQWJRPHU\� /\QQH
5DVFKNH� /LVD +XQWHU� DQG %DUEDUD *R]D SURYLGHG DGGLWLRQDO VXSSRUW IRU WKH DFWLYLW\�

�� 7KH 9HQXH DQG $FWLYLW\

+DUWQHOO &ROOHJH LV DQ DFFUHGLWHG &DOLIRUQLD &RPPXQLW\ &ROOHJH DQG +LVSDQLF 6HUYLQJ
,QVWLWXWLRQ ORFDWHG LQ 6DOLQDV� 0RQWHUH\ &RXQW\� &DOLIRUQLD� ��� PLOHV VRXWK RI 6DQ
)UDQFLVFR� 2I WKH &ROOHJH¶V ������+ VWXGHQWV� ��� DUH HWKQLF PLQRULW\� 0RUH WKDQ ���
RI WKH &ROOHJH¶V VWXGHQWV DUH QRQ�QDWLYH (QJOLVK VSHDNHUV� DQG ��� DUH I UVW�JHQHUDWLRQ
FROOHJH VWXGHQWV� 7KH PDMRULW\ RI VWXGHQWV HQUROOHG LQ $VWUR �/ DUH IURP +LVSDQLF
EDFNJURXQGV �∼�������� KLVWRULFDOO\ XQGHUUHSUHVHQWHG LQ WKH VFLHQFHV� $VWUR �/ LV
SUHGRPLQDQWO\ WDNHQ E\ VWXGHQWV PDMRULQJ LQ QRQ�VFLHQFH VXEMHFWV� ZKR XVH WKH FRXUVH
WR IXOI OO WKHLU SK\VLFDO VFLHQFHV JHQHUDO HGXFDWLRQ UHTXLUHPHQW�

$VWUR �/ LV D VHPHVWHU�ORQJ FRXUVH WKDW FRQVLVWV RI ��KRXU ZHHNO\ ODE VHVVLRQV�
)DOO ���� ZDV WKH I UVW WLPH WKDW +DUWQHOO &ROOHJH LPSOHPHQWHG LQTXLU\ LQ $VWUR �/�
7ZR LQTXLU\�EDVHG DFWLYLWLHV ZHUH LQFOXGHG LQ WKH )DOO ���� FRXUVH� RQH RQ SURSHUWLHV
RI OHQVHV �3XWQDP HW DO�� WKLV YROXPH�� DQG RXU DFWLYLW\� LQ ZKLFK VWXGHQWV LQYHVWLJDWH
WUDQVLWLQJ H[WUDVRODU SODQHWV� 7UDQVLWLQJ SODQHWV DUH WKRVH WKDW FDXVH D SHULRGLF GLPPLQJ



7UDQVLWLQJ 3ODQHWV ,QTXLU\ ��

LQ WKH OLJKW IURP WKHLU KRVW VWDU DV WKH\ SDVV EHWZHHQ WKH VWDU DQG XV RQ (DUWK� 7KH
VWXGHQWV OHDUQ WR JHQHUDWH OLJKW FXUYHV �SORWV RI WKH VWDU¶V EULJKWQHVV RYHU WLPH� DQG
OHDUQ DERXW WKH SURSHUWLHV RI WKH H[WUDVRODU SODQHWV E\ LQWHUSUHWLQJ WKH WUHQGV LQ WKH OLJKW
FXUYHV� 6RPH LPSRUWDQW JRDOV LQ $VWUR �/ DUH IRU VWXGHQWV WR JDLQ DQ XQGHUVWDQGLQJ RI
VFLHQWLI F SURFHVVHV� WR YLHZ WKHPVHOYHV DV VFLHQWLVWV� DQG WR OHDUQ WR LQWHUSUHW WUHQGV LQ
GDWD� 7KH KDQGV�RQ NQRZOHGJH JDLQHG LQ WKH WUDQVLWLQJ SODQHWV DFWLYLW\ FRPSOHPHQWV WKH
LQIRUPDWLRQ DERXW H[WUDVRODU SODQHWV WKDW LV SUHVHQWHG LQ WKH ,QWURGXFWLRQ WR $VWURQRP\
FRPSDQLRQ OHFWXUH FODVV�

�� $FWLYLW\ *RDOV

+HUH ZH GHVFULEH RXU JRDOV IRU WKH DFWLYLW\ DQG UDWLRQDOHV IRU FKRRVLQJ WKHP� :H PRVWO\
IRFXVHG RQ JRDOV WKDW ZRXOG KDYH EURDG DSSOLFDELOLW\ WR VWXGHQWV¶ HYHU\GD\ OLYHV� KHOS�
LQJ WKHP WR EH FXULRXV� DQDO\WLFDO� OLIHORQJ OHDUQHUV DQG KHOSLQJ WKHP WR FRPPXQLFDWH
HffHFWLYHO\ ZLWK RWKHUV� ,Q SDUWLFXODU� ZH DLPHG WR KDYH VWXGHQWV�

�� GHYLVH WKHLU RZQ TXHVWLRQV DERXW SODQHWDU\ V\VWHPV DQG UHYLVH LQLWLDO TXHVWLRQV WR IRUP
LQYHVWLJDEOH RQHV�

�� FRQVWUXFW D OLJKW FXUYH �SORW RI EULJKWQHVV YHUVXV WLPH� IURP WKHLU RZQ PHDVXUHPHQWV�

�� GHGXFH UHODWLYH SURSHUWLHV RI SODQHWDU\ V\VWHPV IURP WUDQVLW OLJKW FXUYHV �H�J�� WKH SODQHW¶V
UDGLXV DQG RUELWDO LQFOLQDWLRQ��

�� SUHVHQW WKHLU ZRUN FOHDUO\ DQG FRKHUHQWO\� DQG

�� FRQQHFW WKH FRQWHQW RI WKH DFWLYLW\ WR FXUUHQW WUDQVLW VHDUFKHV �H�J�� WKH .HSOHU PLVVLRQ�
DQG VHH WKDW VFLHQWLI F GLVFRYHULHV DUH RQJRLQJ�

:H FKRVH WR HPSKDVL]H WKH SURFHVV RI DVNLQJ TXHVWLRQV EHFDXVH RI KRZ EURDGO\
YDOXDEOH WKLV VNLOO LV LQ OLIH� :H ZDQWHG WR KHOS VWXGHQWV IHHO FRPIRUWDEOH DVNLQJ TXHV�
WLRQV RXW ORXG LQ IURQW RI WKHLU SHHUV� ,Q WKH FODVVURRP DQG EH\RQG� DVNLQJ TXHVWLRQV
KHOSV VWXGHQWV WDNH FKDUJH RI WKHLU RZQ OHDUQLQJ� LW SXVKHV WKHP WR LGHQWLI\ VSHFLI F
DVSHFWV WKH\ GR QRW XQGHUVWDQG� WKHUHE\ JLYLQJ WKHP DQ DYHQXH WRZDUG I QGLQJ RXW WKH
DQVZHU� 4XHVWLRQLQJ FDQ PRWLYDWH VWXGHQWV WR SXUVXH WKHLU FXULRVLW\� HQFRXUDJLQJ WKHLU
RQJRLQJ OHDUQLQJ DERXW WKH ZRUOG DURXQG WKHP� )XUWKHUPRUH� TXHVWLRQV DUH WKH IRXQGD�
WLRQ RI VFLHQWLI F LQTXLU\ DQG D FUXFLDO FRPSRQHQW RI DQ DXWKHQWLF VFLHQWLI F H[SHULHQFH�
:H KRSHG WKDW KDYLQJ VWXGHQWV GHYLVH WKHLU RZQ TXHVWLRQV WR LQYHVWLJDWH ODWHU ZRXOG
KHOS JLYH WKHP RZQHUVKLS RI WKH VFLHQWLI F FRQWHQW�

2XU VHFRQG DQG WKLUG JRDOV DERYH FRPELQHG VFLHQWLI F FRQWHQW DQG SURFHVVHV� :H
ZDQWHG VWXGHQWV WR JHW WKH VFLHQWLI F H[SHULHQFH RI WDNLQJ WKHLU RZQ GDWD EDVHG RQ WKHLU
RZQ H[SHULPHQWDO VHW�XS� :H WKHQ ZDQWHG WKH VWXGHQWV WR SORW WKH UHVXOWV IRU VHYHUDO
UHDVRQV� WR KHOS WKHP VWDUW WR XQGHUVWDQG WKH FRQQHFWLRQ EHWZHHQ WKHLU PRGHO DQG WKHLU
PHDVXUHPHQWV� WR XQGHUVWDQG ZK\ VFLHQWLVWV PDNH SORWV� DQG WR VHH WKDW WKHLU SORWV DUH
HVVHQWLDOO\ WKH VDPH W\SH WKDW DVWURQRPHUV PDNH WR VWXG\ DFWXDO WUDQVLWLQJ SODQHW GDWD�
7KH WKLUG JRDO UHSUHVHQWV WKH KHDUW RI WKH VFLHQWLI F FRQWHQW� VWXGHQWV KDYH WR UHDVRQ
WKH VDPH ZD\ DVWURQRPHUV GR WR XQGHUVWDQG WKH SK\VLFDO PHFKDQLVP SURGXFLQJ WKH
GLffHUHQW OLJKW FXUYH VKDSHV� 7KHVH WZR JRDOV SXVK VWXGHQWV WR PDNH� LQWHUSUHW� DQG
FRPSDUH REVHUYDWLRQV� DQG WR FRQQHFW WKHLU UHVXOWV WR SK\VLFDO REMHFWV DQG SURFHVVHV LQ
RXWHU VSDFH�
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2XU IRXUWK JRDO RI GHYHORSLQJ VWXGHQWV¶ SUHVHQWDWLRQ VNLOOV ZDV FKRVHQ WR KHOS VWX�
GHQWV GHHSHQ WKHLU XQGHUVWDQGLQJ RI WKH VFLHQFH� DQG IRU LWV EURDG YDOXH LQ OLIH RXWVLGH
WKH FODVVURRP� 6WXGHQWV UHLQIRUFH WKHLU FRPSUHKHQVLRQ E\ RUJDQL]LQJ WKHLU UHVXOWV PHQ�
WDOO\ DQG YLVXDOO\ RQ D SRVWHU� SODQQLQJ KRZ WR H[SODLQ WKH UHVXOWV� YRFDOL]LQJ WKRVH
H[SODQDWLRQV� DQG UHVSRQGLQJ WR TXHVWLRQV DERXW WKHLU H[SODQDWLRQV� /HDUQLQJ WR FRP�
PXQLFDWH LGHDV HffHFWLYHO\ FDQ KHOS VWXGHQWV HQJDJH LQ DQG JHW ZKDW WKH\ QHHG IURP
WKHLU FRPPXQLWLHV� LQFOXGLQJ WKH RQH WKH\ FUHDWH LQ WKH FODVVURRP�

2XU I QDO JRDO ZDV WR VKRZ VWXGHQWV WKDW VFLHQWLI F XQGHUVWDQGLQJ LV QRW VWDWLF� WKDW
RXU NQRZOHGJH LV FRQVWDQWO\ EHLQJ WHVWHG DQG UHYLVHG� %\ FRQQHFWLQJ WKH DFWLYLW\ WR WKH
FXUUHQW .HSOHU PLVVLRQ �%RUXFNL HW DO� ������ ZH KRSHG WR HQFRXUDJH VWXGHQWV WR IROORZ
UHDO VFLHQWLI F GLVFRYHULHV LQ WKH QHZV� DQG WR IHHO HPSRZHUHG WR XQGHUVWDQG WKHP� 6KDU�
LQJ ZLWK IDPLO\ DQG IULHQGV ZRXOG NHHS UHLQIRUFLQJ WKHLU XQGHUVWDQGLQJ DERXW WUDQVLWLQJ
SODQHWV�

�� $FWLYLW\ 7LPHOLQH

,QWURGXFWLRQ ��� PLQXWHV� :H EHJDQ E\ LQWURGXFLQJ RXUVHOYHV DQG YHUEDOO\ UHPLQG�
LQJ VWXGHQWV DERXW ZKDW LW PHDQV WR SDUWLFLSDWH LQ DQ LQTXLU\�EDVHG ODE� ZKLFK FDQ EH
GLffiFXOW DQG IUXVWUDWLQJ EXW DOVR UHZDUGLQJ� :H IROORZHG ZLWK D VKRUW VOLGHVKRZ SUHVHQ�
WDWLRQ LQ ZKLFK ZH GHVFULEHG ZK\ DVWURQRPHUV VWXG\ RWKHU SODQHWDU\ V\VWHPV� GHI QHG
D SODQHWDU\ WUDQVLW DQG D OLJKW FXUYH� VKRZHG H[DPSOHV RI OLJKW FXUYHV� DQG VWDWHG WKDW
D OLJKW FXUYH SURYLGHV LQIRUPDWLRQ DERXW D SODQHWDU\ V\VWHP� :H DOVR PHQWLRQHG WKH
.HSOHU PLVVLRQ�

4XHVWLRQLQJ ��� PLQXWHV� :H EHJDQ E\ LQWURGXFLQJ WDEOH�WRS PRGHO SODQHWDU\ V\VWHPV
�EXLOW E\ 10� /6� DQG $0� VHH )LJXUH � DQG $SSHQGL[ $� DQG DVNHG WKH VWXGHQWV WR
VSHQG WHQ PLQXWHV SOD\LQJ ZLWK WKH PRGHOV DQG DGGLWLRQDO PDWHULDOV� 7KLV ZDV WR ID�
PLOLDUL]H WKH VWXGHQWV ZLWK WKH DYDLODEOH PDWHULDOV� DQG WR HVWDEOLVK D VDIH DWPRVSKHUH
IRU IUHH H[SHULPHQWDWLRQ DQG EUDLQVWRUPLQJ� :KHQ D IHZ PLQXWHV UHPDLQHG� ZH LQWHU�
MHFWHG ZLWK VXJJHVWLRQV LI VWXGHQWV VHHPHG WR EH RYHUORRNLQJ SDUWLFXODU YDULDEOHV �H�J�
RUELWDO LQFOLQDWLRQ�� $GGLWLRQDOO\� ZH SURYLGHG D KDQGRXW FRQWDLQLQJ ZRUGV OLNH ³WUDQ�
VLW�́ ³EULJKWHU�́ DQG ³WZLFH DV ELJ´ IRU LQVSLUDWLRQ LI WKH VWXGHQWV IHOW VWXFN ZLWK GHYLVLQJ
WKHLU RZQ TXHVWLRQV�

7KH QH[W VWHSV IROORZHG� VWXGHQWV LQGLYLGXDOO\ EUDLQVWRUPHG RQ SDSHU WKHLU I UVW LP�
SUHVVLRQV DQG LGHDV DERXW WUDQVLWLQJ SODQHWV� IDFLOLWDWRUV GHVFULEHG WKH LGHD RI UHI QLQJ
LPSUHVVLRQV LQWR VSHFLI F LQYHVWLJDEOH TXHVWLRQV� DQG ZHQW WKURXJK RQH H[DPSOH� VWX�
GHQWV LQGLYLGXDOO\ UHI QHG WKHLU I UVW LPSUHVVLRQV� VPDOO JURXSV FRQWLQXHG UHI QLQJ� DQG
VHOHFWHG WKHLU IDYRULWH TXHVWLRQV� JURXSV VKDUHG WKHLU IDYRULWH TXHVWLRQV ZLWK WKH FODVV�
DQG LQVWUXFWRUV FODVVLI HG WKH TXHVWLRQV DV ³,QYHVWLJDEOH 7RGD\´ DQG ³1RW (TXLSSHG´
�UHVSHFWLYHO\� TXHVWLRQV ZKLFK FRXOG DQG FRXOG QRW UHDVRQDEO\ EH DGGUHVVHG ZLWK WKH
PRGHO SODQHWDU\ V\VWHPV��

:LWK WKHVH VWHSV� ZH DLPHG WR EXLOG XS VWXGHQWV¶ DELOLWLHV WR GHYLVH VSHFLI F� LQYHV�
WLJDEOH TXHVWLRQV� DQG WR KHOS VWXGHQWV IHHO RZQHUVKLS RI WKH TXHVWLRQV WKH\ ZRXOG XOWL�
PDWHO\ LQYHVWLJDWH� ,W ZDV FUXFLDO WR GHPRQVWUDWH WR VWXGHQWV WKDW DOO SURSRVHG TXHVWLRQV
ZHUH YDOXDEOH� UHJDUGOHVV RI ZKHWKHU WKH\ ZHUH XOWLPDWHO\ HOLJLEOH IRU LQYHVWLJDWLRQ� $V
VWXGHQWV VKDUHG WKHLU TXHVWLRQV ZLWK WKH FODVV� ZH KDG DQ RSSRUWXQLW\ WR DVVHVV KRZ ZHOO
ZH ZHUH DFKLHYLQJ *RDO ���
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)LJXUH �� /HIW� 6LGH YLHZ RI WKH PRGHO RUELWDO V\VWHP EXLOW IRU WKH WUDQVLWLQJ SODQ�
HWV DFWLYLW\� $OO FRPSRQHQWV H[FHSW IRU WKH VRFNHW DUH KHOG WRJHWKHU ZLWK JOXH� 0LG�
GOH� 3KRWRJUDSK RI RQH RI WKH PRGHOV XVHG DW +DUWQHOO� 5LJKW� &XW�DZD\ YLHZ RI WKH
PRGHO RUELWDO V\VWHP� 7KH OLJKW EXOE VRFNHW LV IHG WKURXJK D KROH FXW LQWR D IRDP
FRUH PRXQW� %HIRUH WKH OLJKW EXOE LV DWWDFKHG� UXEEHU EDQGV DUH DGGHG RQ HLWKHU VLGH
RI WKH KROH WR KROG WKH VRFNHW LQ SODFH�

,QYHVWLJDWLRQV ��� PLQXWHV� :H DVNHG HDFK VWXGHQW JURXS ���� VWXGHQWV� WR VHOHFW D
TXHVWLRQ IURP WKH ³,QYHVWLJDEOH 7RGD\´ FDWHJRU\� 1H[W� ZH GHPRQVWUDWHG KRZ WR XVH D
GLJLWDO OLJKW PHWHU WR PHDVXUH EULJKWQHVV GXULQJ D PRGHO WUDQVLW� DQG GHPRQVWUDWHG SORW�
WLQJ WKRVH GDWD DV D OLJKW FXUYH� :H WKHQ LQVWUXFWHG VWXGHQWV WR XVH WKH PRGHO SODQHWDU\
V\VWHP� OLJKW PHWHU� DQG DGGLWLRQDO PDWHULDOV WR LQYHVWLJDWH WKH DQVZHU WR WKHLU TXHVWLRQ�

%\ HDYHVGURSSLQJ RQ DQG RFFDVLRQDOO\ TXHVWLRQLQJ VWXGHQWV¶ LQYHVWLJDWLRQV� ZH
ZHUH DEOH WR DVVHVV WKHLU XQGHUVWDQGLQJ RI WKH UHODWLRQVKLS EHWZHHQ WKHLU H[SHULPHQWDO
VHW�XSV DQG WKH UHVXOWDQW OLJKW FXUYHV WKH\ SORWWHG �*RDOV �� DQG ���� ,Q SDUWLFXODU� ZH
ZDQWHG VWXGHQWV WR XVH WKH OLJKW FXUYHV DV D WRRO WR JDLQ LQVLJKW DERXW WUDQVLW SKHQRP�
HQD� LQVWHDG RI UHJDUGLQJ WKH OLJKW FXUYHV DV WKH I QDO SURGXFW RI WKHLU LQYHVWLJDWLRQ� :H
ORRNHG IRU VWXGHQWV WR UHFRJQL]H WKH FRQQHFWLRQ EHWZHHQ XQUHVROYHG� TXDQWLWDWLYH RXW�
SXWV RI WKH OLJKW PHWHU DQG D UHVROYHG LPDJH RI WKH VWDU¶V VXUIDFH SDUWLDOO\ EORFNHG E\
D SODQHW� 2QH FRPPRQ IDFLOLWDWLRQ WHFKQLTXH ZDV WR DVN D VWXGHQW WR UHSODFH WKH OLJKW
PHWHU ZLWK KHU H\H DQG GHVFULEH ZKDW VKH VDZ�

3UHVHQWDWLRQV ��� PLQXWHV� 6WLOO LQ WKHLU JURXSV� VWXGHQWV SUHSDUHG DQG JDYH RUDO SRVWHU
SUHVHQWDWLRQV RQ WKH UHVXOWV RI WKHLU LQYHVWLJDWLRQV �*RDO ���� (DFK JURXS KDG WKUHH
PLQXWHV WR SUHVHQW WKHLU SRVWHU DQG I QGLQJV� DQG WKUHH PLQXWHV IRU TXHVWLRQV IURP WKH
DXGLHQFH� :H UHTXLUHG HDFK DXGLHQFH JURXS WR DVN DW OHDVW RQH RU WZR TXHVWLRQV SHU SUH�
VHQWDWLRQ �*RDO ���� DQG RffHUHG D OLVW RI VXJJHVWHG TXHVWLRQV LI WKH\ QHHGHG LQVSLUDWLRQ�
7KH SUHVHQWDWLRQV JDYH XV DQRWKHU RSSRUWXQLW\ WR DVVHVV VWXGHQWV¶ XQGHUVWDQGLQJ RI KRZ
OLJKW FXUYHV FDQ EH XVHG WR GHGXFH SURSHUWLHV RI SODQHWDU\ V\VWHPV �*RDOV �� DQG ����

6\QWKHVLV ��� PLQXWHV� :H FRQFOXGHG ZLWK D VOLGHVKRZ SUHVHQWDWLRQ WR UHFDS WKH DF�
WLYLW\� :H GHVFULEHG WKH ³7KLQNLQJ 6NLOOV´ VWXGHQWV KDG ZRUNHG RQ� DVNLQJ TXHVWLRQV
�*RDO ���� H[SODLQLQJ WKHLU LGHDV WR HDFK RWKHU �*RDO ���� DQG GHVLJQLQJ DQG FDUU\LQJ
RXW DQ H[SHULPHQW� :H DOVR GHVFULEHG KRZ GLffHUHQW SK\VLFDO SURSHUWLHV RI SODQHWDU\
V\VWHPV OHDG WR GLffHUHQW REVHUYHG OLJKW FXUYHV� LQ RUGHU WR UHLQIRUFH VWXGHQWV¶ XQGHU�
VWDQGLQJ RI WKH GDWD DQG WKH SK\VLFV �*RDOV �� DQG ���� :H I QLVKHG E\ UHPLQGLQJ WKHP
DERXW FXUUHQW WUDQVLW VHDUFKHV OLNH WKH .HSOHU PLVVLRQ� DQG SRLQWHG WKHP WR WZR UHFHQW
SRSXODU�OHYHO VFLHQFH DUWLFOHV RQ WUDQVLWV �*RDO ����
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�� ,QVWUXFWRU 5HI HFWLRQ DQG 6WXGHQW )HHGEDFN

7KH DFWLYLW\ DW +DUWQHOO ZDV RYHUDOO YHU\ VXFFHVVIXO� 0DQ\ VWXGHQWV PHW PDQ\ RI RXU
JRDOV� DQG ��� RI VWXGHQWV ZURWH SRVLWLYH UHVSRQVHV RQ WKHLU DQRQ\PRXV SRVW�DFWLYLW\
VXUYH\V�

7KH VWXGHQWV EXLOW WKHLU RZQ LQYHVWLJDEOH TXHVWLRQV �*RDO ��� TXLWH VXFFHVVIXOO\�
:H GLG QRW DVN WR VHH WKHLU LPSUHVVLRQV RU I UVW DWWHPSWV DW TXHVWLRQV� VR XQIRUWXQDWHO\
ZH FRXOG QRW ZDWFK WKH TXHVWLRQV GHYHORS� EXW XOWLPDWHO\ HDFK JURXS ZDV DEOH WR VKDUH
DW OHDVW RQH UHOHYDQW� FRKHUHQW TXHVWLRQ ZLWK WKH FODVV� 6RPH H[DPSOHV RI VWXGHQWV¶
LQYHVWLJDEOH TXHVWLRQV LQFOXGHG WKH IROORZLQJ DQG YDULHWLHV WKHUHRI�

• ³+RZ FDQ WKH VL]H RI WKH SODQHW EH GHWHUPLQHG"´

• ³+RZ GRHV WKH EULJKWQHVV RI WKH VWDU DffHFW KRZ ZHOO ZH FDQ GHWHFW WKH SODQHW"´

• ³,Q ZKDW ZD\V GRHV WKH LQFOLQDWLRQ RI D SODQHW DffHFW WKH WUDQVLW"´ DQG

• ³&DQ \RX WHOO LI D SODQHW KDV D ULQJ"´

6WXGHQWV DOVR DVNHG TXHVWLRQV IRU ZKLFK ZH ZHUH QRW HTXLSSHG WR VXSSRUW DQ LQYHVWLJD�
WLRQ� OLNH�

• ³'RHV WKH VL]H RI D SODQHW DffHFW LWV RUELWDO SHULRG DURXQG WKH VWDU"´ DQG

• ³'RHV WKH VL]H RI RXU WHOHVFRSH DffHFW RXU DELOLW\ WR YLHZ WKH SODQHW"´

$PDMRULW\ RI JURXSV VHOHFWHG TXHVWLRQV UHODWHG WR SODQHW VL]H RU RUELWDO LQFOLQDWLRQ�
EXW D VL]HDEOH IUDFWLRQ VHOHFWHG RWKHU TXHVWLRQV UHODWHG WR SODQHWDU\ ULQJV� DWPRVSKHUHV�
RU UHI HFWHG OLJKW IURP SODQHWV�

7KH VWXGHQW JURXSV JHQHUDOO\ ZRUNHG ZHOO WRJHWKHU RQ WKHLU LQYHVWLJDWLRQV� 2I�
WHQ� HDFK VWXGHQW KDG D UROH LQ WKH PHDVXUHPHQW�WDNLQJ SURFHVV �H�J�� RQH PRYHG WKH
PRGHO SODQHW� RQH XVHG WKH OLJKW PHWHU� RQH UHFRUGHG WKH EULJKWQHVV�� 0RVW VWXGHQWV
VXFFHVVIXOO\ SORWWHG DW OHDVW RQH OLJKW FXUYH EDVHG RQ WKHLU JURXS¶V PHDVXUHPHQWV �*RDO
���� %ULJKWQHVV PHDVXUHPHQWV ZHUH HDV\ IRU PRVW� EXW PDQ\ KDG GLffiFXOW\ LQ XVLQJ WKH
HTXLSPHQW WR PHDVXUH WKH SKDVH DQJOH� RU LQ NHHSLQJ D VWHDG\ RUELWDO UDWH WR PHDVXUH
HYHQ WLPH LQFUHPHQWV� 7KLV FRXOG EH LPSURYHG IRU IXWXUH ODEV�

6RPH VWXGHQWV ZHUH DEOH WR GHGXFH UHODWLYH SODQHWDU\ SURSHUWLHV IURP OLJKW FXUYHV
�*RDO ���� 7KH PRVW VXFFHVVIXO WHQGHG WR EH WKRVH ZKR VWXGLHG SODQHWDU\ VL]H� 7KH\
FRXOG JHQHUDOO\ H[SODLQ WKDW D ODUJHU SODQHW EORFNV PRUH OLJKW DQG WKHUHIRUH SURGXFHV
D ODUJHU GLS LQ WKH OLJKW FXUYH� RQO\ UDUHO\� WKRXJK� GLG D VWXGHQW WXUQ WKLV DURXQG DQG
DUWLFXODWH WKDW DVWURQRPHUV FDQ PHDVXUH SODQHW VL]HV IURP OLJKW FXUYHV� *URXSV ZKR
VWXGLHG RUELWDO LQFOLQDWLRQ XVXDOO\ UHDOL]HG WKDW VRPH SODQHWDU\ V\VWHPV ZLOO QRW VKRZ
WUDQVLWV WR D JLYHQ REVHUYHU� DQG RIWHQ UHDOL]HG WKDW WKLV IUDFWLRQ RI V\VWHPV LV ODUJH�
7KH JURXSV VWXG\LQJ ULQJV� DWPRVSKHUHV� DQG UHI HFWHG OLJKW GLG QRW WHQG WR GHPRQVWUDWH
VWURQJO\ PHDQLQJIXO UHVXOWV� �7KH PRGHO SODQHWDU\ V\VWHPV¶ OLPLWHG DELOLW\ WR DFFXUDWHO\
GHSLFW WKHVH SKHQRPHQD OLNHO\ FRQWULEXWHG WR WKH VWXGHQWV¶ GLffiFXOWLHV LQ WKHVH VWXGLHV��

6WXGHQWV¶ SUHVHQWDWLRQV WR WKHLU FODVVPDWHV VKRZHG URRP IRU LPSURYHPHQW� 0RVW
SRVWHUV GLG VKRZ D IHZ OLJKW FXUYHV DQG GLDJUDPV RI WKH H[SHULPHQWDO VHW�XS RU IDFH RI
WKH VWDU GXULQJ WUDQVLW� <HW PRVW VWXGHQWV GHVFULEHG WKH YDULRXV VWHSV DQG ZURQJ WXUQV
WKDW WKH\ WRRN� ZLWK OLWWOH DLP DW SURYLGLQJ I QDO UHVXOWV DQG H[SODQDWLRQV� 'XH WR WLPH
FRQVWUDLQWV� ZH GLG QRW RffHU PXFK VXSSRUW IRU SUHVHQWDWLRQ SUHSDUDWLRQ� RQO\ D TXLFN
VNHOHWRQ RI JXLGHOLQHV DQG ����� PLQXWHV WR SUHSDUH� :H VXFFHVVIXOO\ HOLFLWHG TXHVWLRQV
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IURP HDFK JURXS WR DVN WKH SUHVHQWHUV� DOWKRXJK WKH DXGLHQFH ZDV RIWHQ UHOXFWDQW DQG
UHOLHG XSRQ WKH OLVW RI VXJJHVWHG TXHVWLRQV ZH SURYLGHG� :KHQ VWXGHQWV DVNHG WKHLU
RZQ TXHVWLRQV� WKH\ ZHUH XVXDOO\ UHODWHG WR WKH DVNHU¶V RZQ H[SHULPHQW �H�J�� ³'LG \RX
WU\ SXWWLQJ LQ GLffHUHQW VL]HG SODQHWV"´�� ZKLFK LQGLFDWHV WKH DVNHU¶V RZQHUVKLS RI WKHLU
VXEWRSLF�

$V PHQWLRQHG DERYH� ��� RI VWXGHQWV ZURWH VRPHWKLQJ SRVLWLYH RQ WKHLU IHHGEDFN
IRUPV� $ ODUJH PDMRULW\ XVHG WKH ZRUGV ³LQWHUHVWLQJ´ DQG/RU ³IXQ´ WR GHVFULEH WKH DF�
WLYLW\� 6WXGHQWV VDLG WKDW WKH\ OLNHG ZRUNLQJ ZLWK WKH PRGHO DQG WKH OLJKW PHWHU� WKH\
OLNHG DVNLQJ WKHLU RZQ TXHVWLRQV DQG GHVLJQLQJ WKHLU RZQ H[SHULPHQWV� DQG WKH\ OLNHG
ZRUNLQJ LQ JURXSV� 7KH PRVW FRPPRQ QHJDWLYH FRPPHQW ZDV WKDW VWXGHQWV IHOW WKDW
WKH\ GLG QRW KDYH HQRXJK WLPH GXULQJ WKH DFWLYLW\� 6WXGHQWV DOVR VDLG WKDW WKH ODE ZDV
GLffiFXOW RU IUXVWUDWLQJ� VRPH ZLVKHG IRU PRUH KHOS DQG JXLGDQFH IURP XV� DQG VRPH IHOW
XQFRPIRUWDEOH E\ RXU ³KRYHULQJ´ DV WKH\ ZRUNHG�

$ IHZ VDPSOH VWXGHQW FRPPHQWV DUH�

• ³, UHDOO\ OLNHG WKDW ZH KDG WR WKLQN DERXW KRZ ZHUH JRLQJ WR DQVZHU WKH TXHVWLRQ WKDW ZH
FKRVH� HYHQ WKRXJK LW LV IUXVWUDWLQJ LW IHHOV JRRG WR WKLQN OLNH WKDW�́

• ³,W ZDV D OLWWOH GLffiFXOW WR FRQFHQWUDWH IRU PH SHUVRQDOO\ EHFDXVH ZH NHSW JHWWLQJ FKHFNHG
RQ DQG DVNHG ZKDW RXU VROXWLRQ ZDV ZKHQ ZH RXUVHOYHV GLGQ¶W NQRZ DW WKH WLPH�́

• ³,W PDGH XV WKLQN OLNH UHDO DVWURQRPHUV� EXLOG RXU RZQ TXHVWLRQ� K\SRWKHVLV DQG PDNH
RXU RZQ GDWD�́

• ³%HFDXVH LW ZDV RXU RZQ H[SHULPHQW� , IHOW OLNH , ZDV D VFLHQWLVW�́

�� &RPSDULVRQ RI 3UH� DQG 3RVW�6HPHVWHU 6XUYH\V %HIRUH DQG $IWHU ,QTXLU\

,Q RUGHU WR DVVHVV WKH HffHFWLYHQHVV RI LQWURGXFLQJ LQTXLU\ LQWR WKH ODERUDWRU\� ZH FRQ�
GXFWHG D VXUYH\ RI VWXGHQWV HQUROOHG LQ $VWUR �/ GXULQJ WKH 6SULQJ ���� VHPHVWHU �ZLWK�
RXW LQTXLU\� DQG GXULQJ WKH )DOO ���� VHPHVWHU �ZLWK LQTXLU\�� $GDSWHG IURP HDUOLHU UH�
VHDUFK �&KHPHUV ������ WKH VXUYH\ DVVHVVHG VWXGHQWV¶ OHYHOV RI VHOI�HffiFDF\ IRU VFLHQFH�
LGHQWLW\ DV D VFLHQWLVW� DQG FRPPLWPHQW WR D VFLHQFH FDUHHU� ,Q ERWK VHPHVWHUV� VWXGHQWV
DQRQ\PRXVO\ FRPSOHWHG WKH VXUYH\ GXULQJ WKH I UVW ZHHN RI FODVVHV �SUH�VHPHVWHU� DQG
DJDLQ DW WKH HQG RI WKH VHPHVWHU �SRVW�VHPHVWHU�� :H H[SHFWHG VWXGHQWV LQYROYHG LQ WKH
LQTXLU\�EDVHG DFWLYLWLHV WR UHSRUW JUHDWHU JDLQV LQ FRQI GHQFH LQ WKHLU VFLHQFH VNLOOV DQG
WKHLU LQWHUHVW LQ SXUVXLQJ D FDUHHU LQ VFLHQFH�

,Q WKH VHOI�HffiFDF\ IRU VFLHQFH FRQVWUXFW� VWXGHQWV UHVSRQGHG WR �� GHFODUDWLYH VWDWH�
PHQWV VXFK DV ³, DP FRQI GHQW , FDQ JHQHUDWH D UHVHDUFK TXHVWLRQ WR DQVZHU´ RQ D VFDOH
IURP � �³QRW FRQI GHQW DW DOO´� WR � �³DEVROXWHO\ FRQI GHQW´�� )RU LGHQWLW\ DV D VFLHQWLVW
�� LWHPV� DQG FRPPLWPHQW WR D VFLHQFH FDUHHU �� LWHPV�� VWXGHQWV UHVSRQGHG RQ D VFDOH
IURP � �³VWURQJO\ GLVDJUHH´� WR � �³VWURQJO\ DJUHH´�� ,QLWLDO DQDO\VHV GHWHUPLQHG WKDW
WKH FRQVWUXFWV KDG JRRG SV\FKRPHWULF SURSHUWLHV� ZLWK D VLQJOH IDFWRU DQG KLJK LQWHUQDO
FRQVLVWHQF\� 7KH GHVFULSWLYH VWDWLVWLFV DUH IRXQG LQ 7DEOH �� ,QGHSHQGHQW W�WHVWV FRQ�
GXFWHG WR FRPSDUH PHDQV VKRZ WKDW WKHUH ZDV D VWDWLVWLFDOO\ VLJQLI FDQW LQFUHDVH LQ DOO
RI WKH SRVW�VHPHVWHU FRQVWUXFWV �W > �.��� H[FHSW IRU )DOO FRPPLWPHQW WR D VFLHQFH FD�
UHHU� 7KLV LPSOLHV WKDW VWXGHQWV LQ JHQHUDO ZHUH PRUH FRQI GHQW LQ WKHLU VFLHQFH DELOLWLHV�
LGHQWLI HG PRUH DV VFLHQWLVWV� DQG ZHUH PRUH FRPPLWWHG WR D VFLHQFH FDUHHU DW WKH HQG RI
ERWK VHPHVWHUV� 7KHUH LV� KRZHYHU� QRW D VWDWLVWLFDOO\ VLJQLI FDQW GLffHUHQFH LQ WKH PHDQV
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EHWZHHQ WKH WZR VHPHVWHUV� *LYHQ WKDW GXULQJ WKH SHULRG RI WKLV DVVHVVPHQW� RQO\ WZR
LQTXLU\ DFWLYLWLHV ZHUH LQWURGXFHG RXW RI �� WRWDO ODEV� ZH FDQQRW UHOLDEO\ GHGXFH WKH
OHYHO RI HffHFWLYHQHVV RI DGGLQJ LQTXLU\ WR WKH ODERUDWRU\ FXUULFXOXP� )XUWKHUPRUH� EH�
FDXVH WKHVH ZHUH DQRQ\PRXV VXUYH\V� ZH FDQQRW WUDFN FKDQJHV IRU LQGLYLGXDO VWXGHQWV�
,Q WKH IXWXUH� ZH ZLOO EH EHWWHU DEOH WR DVVHVV WKLV ZKHQ PRUH LQTXLU\ DFWLYLWLHV DUH
LQWURGXFHG� WKH GDWD DUH DQDO\]HG RYHU VHYHUDO VHPHVWHUV� DQG ZH WUDFN LQGLYLGXDO VWX�
GHQWV¶ UHVSRQVHV DFURVV WKH VHPHVWHU� :H H[SHFW WR I QG D VXEVHW RI VWXGHQWV IRU ZKRP
WKH LQTXLU\ ODERUDWRULHV LQVSLUH JUHDWHU LQWHUHVW LQ VFLHQFH DQG JUHDWHU FRQI GHQFH DERXW
SDUWLFLSDWLQJ LQ VFLHQFH�

7DEOH �� 5HVXOWV RI VXUYH\V WR DQDO\]H WKH HffHFW RQ VWXGHQWV RI DGGLQJ LQTXLU\
DFWLYLWLHV WR WKH FRXUVH� 7KH µ

¶ LQGLFDWHV D VWDWLVWLFDOO\ VLJQLI FDQW GLffHUHQFH EH�
WZHHQ SUH� DQG SRVW�VHPHVWHU PHDQV� µ6'¶ UHIHUV WR WKH VWDQGDUG GHYLDWLRQ RI VWXGHQW
UHVSRQVHV� ZKHUH µQ¶ LV WKH QXPEHU RI VWXGHQW UHVSRQVHV LQFOXGHG LQ WKH VWDWLVWLFV�

3UH�VHPHVWHU 3RVW�VHPHVWHU
6SULQJ ���� �SUH�LQTXLU\� 0HDQ 6' Q 0HDQ 6' Q ,QGHS W

6HOI�(ffiFDF\ IRU 6FLHQFH ���� ���� �� ���� ���� �� �����


,GHQWLW\ DV D 6FLHQWLVW ���� ���� �� ���� ���� �� �����



&RPPLWPHQW WR D 6FLHQFH &DUHHU ���� ���� �� ���� ���� �� �����



)DOO ���� �SRVW�LQTXLU\� 0HDQ 6' Q 0HDQ 6' Q ,QGHS W

6HOI�(ffiFDF\ IRU 6FLHQFH ���� ���� �� ���� ���� �� �����


,GHQWLW\ DV D 6FLHQWLVW ���� ���� �� ���� ���� �� �����



&RPPLWPHQW WR D 6FLHQFH &DUHHU ���� ���� �� ���� ���� �� �����

�� 6XJJHVWLRQV IRU )XWXUH ,PSOHPHQWDWLRQ

:H GHVLJQHG RXU DFWLYLW\ WR PHHW RXU JRDOV ZLWKLQ WKH WLPH FRQVWUDLQWV� +HUH� ZH VXJJHVW
PRGLI FDWLRQV WR WKH DFWLYLW\ IRU GLffHUHQW WLPH FRQVWUDLQWV RU WR DFKLHYH GLffHUHQW JRDOV�

7HDFKHUV PD\ FKRRVH WR IRFXV WKH DFWLYLW\ PRUH RQ XQGHUVWDQGLQJ WKH GLffHUHQFHV
EHWZHHQ PRGHOV DQG WKH SK\VLFDO V\VWHPV WKH\ UHSUHVHQW� %HFDXVH LW LV LPSRVVLEOH RQ D
WDEOHWRS WR DFFXUDWHO\ UHSUHVHQW WKH DVWURQRPLFDO GLVWDQFHV LQ D VRODU V\VWHP� VWXGHQWV
PD\ EH PLVOHG E\ WKH VFDOH RI WKH PRGHOV DQG� LQ SDUWLFXODU� QRW UHDOL]H WKDW WUDQVLW
VHDUFKHV DUH QHFHVVDU\ EHFDXVH ZH FDQQRW UHVROYH WKH SODQHW VHSDUDWHO\ IURP WKH VWDU�
7R DGGUHVV WKHVH FRQFHUQV� VWXGHQWV VKRXOG H[SOLFLWO\ FRQVLGHU WKH IDFW WKDW WKH\ DUH
XVLQJ D PRGHO� DQG FRXOG GLVFXVV RWKHU SRVVLEOH PRGHOV� 7KHVH PD\ LQFOXGH VFDOLQJ IRU
GLVWDQFHV� H�J�� D OLJKW EXOE LQ WKH FODVVURRP �6XQ�� D PDUEOH LQ WKH SDUNLQJ ORW �-XSLWHU��
DQG D VHFRQG OLJKW EXOE D IHZ WKRXVDQG PLOHV DZD\ �WKH QHDUHVW VWDU�� 7R DGGUHVV UHODWLYH
EULJKWQHVVHV� VWXGHQWV FDQ GLVFXVV D PRGHO LQ ZKLFK D EULJKW OLJKWEXOE �6XQ� LV QH[W WR D
SHSSHUFRUQ �H[RSODQHW�� 7R IXUWKHU HPSKDVL]H WKDW DVWURQRPHUV FDQQRW REVHUYDWLRQDOO\
UHVROYH SODQHWV� RQH PLJKW DGG ZD[ SDSHU WR RQH HQG RI WKH PRGHO ³WHOHVFRSHV´ �WRLOHW
SDSHU UROOV�� 6WXGHQWV WKHQ FDQQRW VHH WKH SODQHW EXW VKRXOG QRWLFH WKDW WKH OLJKW JHWV
GLP SHULRGLFDOO\� DQG FDQ WKHQ EHJLQ D GLVFXVVLRQ RI OLJKW FXUYHV� $ FRPSXWHU PRGHO
FRXOG DOVR EH GLVFXVVHG�
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7HDFKHUV PD\ FKRRVH WR IRFXV IXUWKHU RQ WKH SURFHVV RI TXHVWLRQLQJ� 7KH IDFLOLWD�
WRUV FRXOG VSHQG PRUH WLPH GLVFXVVLQJ ZKDW PDNHV D TXHVWLRQ ³LQYHVWLJDEOH´� DQG WKH
VWXGHQWV FRXOG HYHQ FDWHJRUL]H SURSRVHG LQYHVWLJDWLRQ TXHVWLRQV UDWKHU WKDQ WKH IDFLO�
LWDWRUV� 7R KHOS VWXGHQWV JHQHUDOL]H WKH TXHVWLRQLQJ SURFHVV WR RWKHU DVSHFWV RI WKHLU
OLYHV� VWXGHQWV FRXOG UHDG D VKRUW DUWLFOH IURP D 9RWHU ,QIRUPDWLRQ 3DFNHW� WKHQ GLVFXVV
TXHVWLRQV WKDW WKH\ KDG DQG KRZ WKH\ PLJKW I QG WKH DQVZHUV�

%XLOGLQJ SUHVHQWDWLRQ VNLOOV LV DQRWKHU GLUHFWLRQ WR IRFXV� 2QH RI WKH VLPSOHVW ZD\V
LV WR JLYH VWXGHQWV PRUH WLPH WR SUHSDUH WKHLU SUHVHQWDWLRQV� $QRWKHU LGHD LV WR GLVFXVV
H[SOLFLWO\ ZKDW FRQVWLWXWHV D JRRG H[SODQDWLRQ� JLYLQJ VWXGHQWV D IUDPHZRUN WR UHO\ RQ RU
D WHPSODWH WR IROORZ� )DFLOLWDWRUV FRXOG DOVR OHDG D FODVV GLVFXVVLRQ DERXW ZKDW JRHV LQWR
DQ HffHFWLYH SUHVHQWDWLRQ� ,W ZRXOG EH KHOSIXO WR JLYH VWXGHQWV DQ RSSRUWXQLW\ WR SUDFWLFH
WKHLU SUHVHQWDWLRQV EHIRUH JHWWLQJ XS LQ IURQW RI WKH FODVV� ,I SUHVHQWDWLRQ VNLOOV ZHUH
D IRFXV IRU DQ HQWLUH VHPHVWHU�ORQJ FRXUVH� VWXGHQWV FRXOG OLNHO\ LPSURYH VLJQLI FDQWO\
E\ JLYLQJ SUHVHQWDWLRQV HYHU\ ZHHN� :KHWKHU VWXGHQWV JLYH SUHVHQWDWLRQV IUHTXHQWO\ RU
RQO\ RQFH� LW LV ZRUWK JLYLQJ HDFK VWXGHQW RU JURXS GHWDLOHG IHHGEDFN ZKHQ SRVVLEOH�

$ I QDO VXJJHVWLRQ LV WR IRFXV PRUH RQ DZDUHQHVV RI FXUUHQW VFLHQWLI F UHVHDUFK�
5HDGLQJ D SRSXODU VFLHQFH DUWLFOH� GLVFXVVLQJ LW ZLWK FODVVPDWHV RU DV D FODVV� DQG SUH�
VHQWLQJ D VXPPDU\ RI LW DUH DOO JRRG ZD\V WR JHW VWXGHQWV PRUH FRQI GHQW DQG IDPLOLDU
ZLWK WDONLQJ DERXW FXUUHQW VFLHQWLI F UHVHDUFK�

�� ,PSOHPHQWDWLRQ LQ D /HFWXUH &RXUVH

+HUH ZH GHVFULEH VSHFLI F PRGLI FDWLRQV WR WKH WUDQVLWLQJ SODQHW LQTXLU\ IRU D GLffHU�
HQW WHDFKLQJ HQYLURQPHQW �SHUIRUPHG LQ 6SULQJ ������ 8�&� 6DQWD &UX]¶V LQWURGXFWRU\
DVWURQRP\ FRXUVH IRU QRQ�PDMRUV �$VWURQRP\ ��� D ODUJH ���� VWXGHQW�� OHFWXUH�EDVHG
VXUYH\ FRXUVH� ,Q RUGHU WR JLYH VWXGHQWV SUDFWLFH ZLWK VFLHQWLI F SURFHVV VNLOOV� LQVWUXFWRU
5\DQ 0RQWJRPHU\ DGDSWHG WKH DFWLYLW\ WR EH FRPSOHWHG GXULQJ RQH RI WKH ���PLQXWH
�UHTXLUHG� GLVFXVVLRQ VHFWLRQV� 7ZR 7HDFKLQJ $VVLVWDQWV �7$V� DVVLVWHG WKH VWXGHQWV LQ
HDFK GLVFXVVLRQ VHFWLRQ RI ∼�� VWXGHQWV�

7KH DLP ZDV WR KDYH VWXGHQWV ZRUN RXWVLGH RI GLVFXVVLRQ VHFWLRQ WR FRPSOHWH VHJ�
PHQWV RI WKH LQTXLU\ DFWLYLW\ WKDW UHTXLUHG OLWWOH RU QR IDFLOLWDWLRQ� PD[LPL]LQJ WKH XWLOLW\
RI WKH 7$V GXULQJ VHFWLRQ� $ ZHEVLWH JDYH D EULHI LQWURGXFWLRQ WR WKH VFLHQWLI F FRQWHQW
�WKH WUDQVLW GHWHFWLRQ PHWKRG� DQG VKRZHG D VHULHV RI GHPRQVWUDWLRQ YLGHRV WR IDPLO�
LDUL]H WKH VWXGHQWV ZLWK WKH PRGHO SODQHWDU\ V\VWHPV� 7KH ZHEVLWH WKHQ DVNHG VWXGHQW
JURXSV WR FRPSOHWH D SUH�ODE DVVLJQPHQW RI JHQHUDWLQJ TXHVWLRQV EDVHG RQ WKH YLGHR
GHPRQVWUDWLRQV� 7KH SUH�ODE JURXS DFWLYLW\ ZDV WR EH FRPSOHWHG DQG WXUQHG LQ E\ HDFK
JURXS WR WKHLU 7$ DW OHDVW �� KRXUV SULRU WR WKHLU GLVFXVVLRQ VHFWLRQ� SURYLGLQJ WLPH WR
VRUW DQG HOHFWURQLFDOO\ SRVW WKH TXHVWLRQV� %HIRUH DUULYLQJ DW VHFWLRQ� JURXSV ZHUH WR GH�
FLGH RQ D TXHVWLRQ WKDW WKH\ ZDQWHG WR LQYHVWLJDWH� 7KH GLVFXVVLRQ ZDV WKHQ XVHG VROHO\
IRU LQYHVWLJDWLRQ� ZLWK D EULHI �∼�� PLQXWH� VKDULQJ/V\QWKHVLV VHJPHQW DW WKH HQG RI WKH
SHULRG� )RUPDO VWXGHQW SUHVHQWDWLRQV ZHUH FXW IURP WKLV LPSOHPHQWDWLRQ� WKH JRDO RI
KDYLQJ VWXGHQWV SUHVHQW WKHLU ZRUN ZDV PHW ODWHU LQ WKH FRXUVH� ZKHQ WKH\ JDYH IRUPDO
SUHVHQWDWLRQV DV SDUW RI D GLffHUHQW DFWLYLW\�

2YHUDOO WKLV YHUVLRQ RI WKH LQTXLU\ DFWLYLW\ ZDV ZHOO UHFHLYHG� DQG PHW WKH FRXUVH
FRQWHQW DQG SURFHVV JRDOV� 6WXGHQWV ZHUH DVNHG WR UDWH WKH DPRXQW RI FRQWHQW WKH\
OHDUQHG� RSSRUWXQLWLHV WR SUDFWLFH WKH SURFHVVHV RI VFLHQFH� WKHLU HQMR\PHQW� DQG WKH



��� 0F&RQQHOO HW DO�

DFWLYLW\ RYHUDOO� 2Q D VFDOH IURP � WR �� VWXGHQWV FRQVLVWHQWO\ UDWHG WKH DFWLYLW\ DW ����
EHWZHHQ ³)DLU´ ��� DQG ³*RRG´ ���� %\ ODWHU FRPSDULQJ VWXGHQWV¶ UDWLQJV RI WKH LQTXLU\
DFWLYLW\ ZLWK WKHLU SRVW�FRXUVH UDWLQJV RI WKHLU 7$V� ZH FRQFOXGH WKDW 7$ VXSSRUW LV
OLNHO\ UHVSRQVLEOH IRU VRPH RI WKH RYHUDOO HffHFWLYHQHVV RI WKH WUDQVLWLQJ SODQHW LQTXLU\�
:H EHOLHYH WKDW WKH PRGLI HG DFWLYLW\ VXFFHVVIXOO\ UHWDLQHG WKH VHOI�GLUHFWLRQ� RZQHUVKLS�
DQG HQJDJHPHQW WKDW PDNH LQTXLU\ DFWLYLWLHV YDOXDEOH� :H VWURQJO\ HQFRXUDJH RWKHU ODE
DQG OHFWXUH�EDVHG FRXUVHV WR FRQVLGHU XVLQJ DQ LPSOHPHQWDWLRQ RI WKLV WUDQVLWLQJ SODQHW
LQTXLU\ DFWLYLW\�

$FNQRZOHGJPHQWV� 7KH DXWKRUV DFNQRZOHGJH WKH 1DWLRQDO 6FLHQFH )RXQGDWLRQ
6FLHQFH DQG 7HFKQRORJ\ &HQWHU IXQGLQJ RI WKH &HQWHU IRU $GDSWLYH 2SWLFV� PDQDJHG
E\ WKH 8QLYHUVLW\ RI &DOLIRUQLD� 6DQWD &UX]� XQGHU FRRSHUDWLYH DJUHHPHQW 1R� $67�
�������� 7KLV ZRUN ZDV IXQGHG LQ SDUW E\ WKH 1DWLRQDO 6FLHQFH )RXQGDWLRQ� WKURXJK
WKH &RXUVH� &XUULFXOXP DQG /DERUDWRU\ ,PSURYHPHQW SURJUDP �'8( ���������� DQG
VXSSRUWHG E\ WKH 8�&� 6DQWD &UX] ,QVWLWXWH IRU 6FLHQWLVW 	 (QJLQHHU (GXFDWRUV� :H
WKDQN WKH 8�&� 6DQWD &UX] 3K\VLFV 'HSDUWPHQW IRU DOORZLQJ XV WR ERUURZ OLJKW PHWHUV
IRU WKH DFWLYLW\�

5HIHUHQFHV

%RUXFNL� :� -�� .RFK� '�� %DVUL� *�� HW DO� ����� 6FLHQFH� ���� ���
&KHPHUV� 0� ����� LQ 8QGHUVWDQGLQJ 8QGHUJUDGXDWH DQG +LJK 6FKRRO 6FLHQFH 6XSSRUW

3URJUDPV� $ 7KHRU\�GULYHQ� ,QWHUGLVFLSOLQDU\� 0XOWL�PHWKRG $SSURDFK� HGLWHG E\
0� &KHPHUV� $PHULFDQ (YDOXDWLRQ $VVRFLDWLRQ

+XQWHU� /�� 0HWHYLHU� $�� 6HDJURYHV� 6�� 3RUWHU� -�� 5DVFKNH� /�� .OXJHU�%HOO� %�� %URZQ� &��
-RQVVRQ� 3�� 	 $VK� '� ����� &XOWLYDWLQJ 6FLHQWLVW� DQG (QJLQHHU�(GXFDWRUV� 7KH &I$2
3URIHVVLRQDO 'HYHORSPHQW 3URJUDP� 85/ http://isee.ucsc.edu/participants/
programs/CfAO_Prof_Dev_Program.pdf

15& ����D� $PHULFD¶V /DE 5HSRUW� ,QYHVWLJDWLRQV LQ +LJK 6FKRRO 6FLHQFH �:DVKLQJWRQ '&�
1DWLRQDO $FDGHPLHV 3UHVV�� 1DWLRQDO 5HVHDUFK &RXQFLO� &RPPLWWHH RQ +LJK 6FKRRO
6FLHQFH /DERUDWRULHV� HGLWRUV 6�5� 6LQJHU� 0�/� +LOWRQ� DQG +�$� 6FKZHLQJUXEHU� 85/
http://www.nap.edu/catalog/11311.html

² ����E� +RZ 6WXGHQWV /HDUQ� +LVWRU\� 0DWKHPDWLFV� DQG 6FLHQFH LQ WKH &ODVVURRP �:DVK�
LQJWRQ '&� 1DWLRQDO $FDGHPLHV 3UHVV�� 1DWLRQDO 5HVHDUFK &RXQFLO� &RPPLWWHH RQ +RZ
3HRSOH /HDUQ� 85/ http://www.nap.edu/catalog/10126.html

$SSHQGL[ $� %XLOGLQJ D 7XUQ�7DEOH 0RGHO RI D 3ODQHWDU\ 6\VWHP

%HORZ ZH OLVW WKH UHTXLUHG PDWHULDOV IRU RQH PRGHO� ZLWK SDUW QXPEHUV ZKHUH DS�
SOLFDEOH� )LJXUH � GHSLFWV KRZ WKH SDUWV DUH DVVHPEOHG WR PDNH D PRGHO� 7KH FRVWV
HQXPHUDWHG EHORZ DGG WR DERXW ���� 6RPH VXSSOLHV �IRDP FRUH� VW\URIRDP EDOOV� JOXH�
VSUD\ SDLQW� FDQ EH XVHG WR DVVHPEOH PXOWLSOH PRGHOV� ZLWK WKHVH VXSSOLHV DOUHDG\
SXUFKDVHG� D VHFRQG PRGHO ZRXOG FRVW DERXW ���� )RU IXUWKHU LQVWUXFWLRQV WR DVVHPEOH
WKH PRGHO� ZH HQFRXUDJH UHDGHUV WR FRQWDFW 10� $0� RU /6�

• � ZRRGHQ SLFWXUH IUDPHV �0LFKDHO¶V &UDIWV� 6.8 ������������� ����� HDFK�

• OD]\ VXVDQ EHDULQJ �7KH +RPH 'HSRW� 6.8 ������������� ������

• JOREH OLJKW EXOE �7KH +RPH 'HSRW� 6.8 ������������� ������



7UDQVLWLQJ 3ODQHWV ,QTXLU\ ���

• OLJKW EXOE VRFNHW ZLWK PDOH ��SURQJ HQG �7KH +RPH 'HSRW� 6.8 ������������� ������

• � FXELF ZRRGHQ EORFNV �� LQFKHV� �0LFKDHO¶V &UDIWV� 6.8 ������������� ����� HDFK�

• SODVWLF FLUFXODU SURWUDFWRU �0LFKDHO¶V &UDIWV� 6.8 ������������ ������

• ORQJ UHFWDQJXODU ZRRGHQ FUDIW VWLFN �0LFKDHO¶V &UDIWV� ������

• IRDP FRUH ERDUG �0LFKDHO¶V &UDIWV� 6.8 ������������ ������

• VW\URIRDP RU FOD\ EDOO �0LFKDHO¶V &UDIWV� YDULRXV VL]HV� ∼�� IRU ���� VW\URIRDP EDOOV�

• VXSHU JOXH RU ZRRG JOXH �VXSHU JOXH� 0LFKDHO¶V &UDIWV� 6.8 ������������ ������

• EODFN VSUD\ SDLQW� I DW I QLVK �7KH +RPH 'HSRW� 6.8 ������������� ������

• ZLUH

• WKLFN UXEEHU EDQGV �� WR ��

'LJLWDO OLJKW PHWHU SULFHV UDQJH IURP ��� WR ���� HDFK �DQ H[DPSOH LQ WKH ���� UDQJH
LV WKH '/0 ���� IURP *HQHUDO 7RROV�� $OWKRXJK ZH XVHG RQH OLJKW PHWHU SHU JURXS
DW +DUWQHOO� ZH EHOLHYH WKDW VWXGHQWV FRXOG LQYHVWLJDWH WUDQVLWV VXFFHVVIXOO\ ZLWK RQH
OLJKW PHWHU SHU WZR JURXSV� 0HGLXP�VL]HG VW\URIRDP EDOOV EORFN DSSUR[LPDWHO\ ���
RI WKH OLJKW EXOE¶V VXUIDFH� ZH UHFRPPHQG XVLQJ OLJKW PHWHUV WKDW DUH VHQVLWLYH HQRXJK
WR UHOLDEO\ GHWHFW ��� FRQWUDVW IURP D IHZ PHWHUV DZD\�


